The amphetamine derivatives d,l-fenfluramine (FEN) and d -fenfluramine (dFEN) were widely prescribed appetite suppressants until their removal from the market due to serious side-effects (Connolly et al. 1997) . In laboratory animals, high-dose administration of FEN or dFEN causes long-term ( Ͼ 2 weeks) degeneration of serotonin (5-HT) nerve terminals throughout the forebrain (reviewed by McCann et al. 1997 ). Characteristics of this degeneration include depletion of tissue 5-HT, decreased 5-HT biosynthesis, and loss of 5-HT transporters (SERTs) (Sanders-Bush et al. 1975; Kleven and Seiden 1989; Appel et al. 1990; Zaczek et al. 1990 ). Some investigators have interpreted the prolonged effects of FEN and dFEN as evidence for 5-HT neurotoxicity (see McCann et al. 1994) . Thus, even though these drugs are no longer clinically available, there is still interest in the potential adverse consequences for patients who have taken these medications.
The precise mechanism underlying FEN-induced 5-HT neuronal degeneration is unknown. Early in vitro studies showed that acute effects of FEN involve inhibition of 5-HT reuptake and stimulation of 5-HT release in nervous tissue (Fuxe et al. 1975; Garattini et al. 1975 ). More recently, in vivo microdialysis studies in rats have demonstrated that FEN and dFEN elevate extracellular 5-HT in intact brain (Schwartz et al. 1989; Series et al. 1994) . Like other amphetamines, FEN and dFEN release endogenous 5-HT by a carrier-mediated mechanism involving SERT proteins in cell membranes (Berger et al. 1992; Schuldiner et al. 1993) . SERTs play a pivotal role in the release process because they serve as 'gateways' for the flow of drug molecules into the cell in exchange for 5-HT molecules that flow out (Levi and Raiteri 1993; Rudnick 1997) . Interestingly, 5-HT-selective reuptake inhibitors (SSRIs) such as fluoxetine are known to prevent acute 5-HT release and long-term 5-HT depletion produced by FEN administration (Clineschmidt et al. 1978; Steranka and Sanders-Bush 1979; Sabol et al. 1992) .
Based on the information discussed above, investigators have speculated that FEN-induced 5-HT release might somehow be involved in mediating the longterm 5-HT deficits seen after high doses of the drug (Berger et al. 1992; Sabol et al. 1992 ). For example, there is evidence that drug-induced release of 5-HT can lead to the formation of reactive 5-HT metabolites, such as 5,6-dihydroxytryptamine (5,6-DHT), that cause cellular damage (Commins et al. 1987; Seiden and Sabol 1996) .
In the present study, we examined the relationship between drug-induced 5-HT release and long-term 5-HT depletion in rat brain. First, the acute 5-HT-releasing actions of dFEN and a non-amphetamine drug, 1-( m -chlorophenyl)piperazine (mCPP) (Pettibone and Williams 1984; Wolf and Kuhn 1991) , were examined using in vivo microdialysis in the nucleus accumbens. mCPP represents a novel pharmacological tool since it releases 5-HT by a SERT-mediated mechanism but is structurally unrelated to dFEN (Baumann et al. 1993; Eriksson et al. 1999) . We compared the activities of dFEN and mCPP at SERT and DA transporter (DAT) sites using in vitro assays for [ 3 H]transmitter uptake and radioligand binding. Finally, the long-term effects of dFEN and mCPP were assessed by determination of brain tissue levels of 5-HT two weeks after a high-dose drug treatment regimen.
MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats (Charles River, Wilmington, MA) weighing 300-400 g were housed in standard conditions (lights on from 0700 to 1900 h) with food and water freely available. Animals were maintained in facilities fully accredited by the American Association of the Accreditation of Laboratory Animal Care (AAA-LAC), and experiments were performed in accordance with the Institutional Care and Use Committee of the National Institute on Drug Abuse (NIDA), Intramural Research Program (IRP). 
Drugs and Reagents
S( ϩ )-N-ethyl-␣ -methyl-3-(trifluoromethyl)-
Surgery and Microdialysis Procedures
Rats received sodium pentobarbital (60 mg/kg, i.p.) for surgical anesthesia. An indwelling jugular catheter made of Silastic Medical Grade tubing (Dow Corning, Midland, MI) was implanted (Baumann et al. 1998) . Each rat was placed in a stereotaxic apparatus, and a plastic intracerebral guide cannula (CMA 12, CMA/Microdialysis, Acton, MA) was implanted above the nucleus accumbens (ML Ϯ 1.5 mm and AP ϩ 1.6 mm from bregma, DV ϩ 6.2 mm from dura) according to published methods ). The guide cannula was fixed to the skull using stainless steel screws and dental acrylic. Animals were singly housed postoperatively and allowed 7-10 days to recover.
On the evening before an experiment, rats were moved to the testing room and lightly anesthetized with Metofane. A microdialysis probe with a 2 ϫ 0.5 mm exchange surface (CMA/12, CMA/Microdialysis) was lowered into the guide cannula, and an extension tube (PE-50) was attached to the jugular catheter. Each rat was placed into its own plastic container and connected to a tethering system that allowed motor activity within the container. The microdialysis inflow and outflow tub-ing, as well as the catheter extension tubing, were connected to a fluid swivel (Instech Laboratories, Inc., Plymouth Meeting, PA). Artificial Ringers' solution containing 147.0 mM NaCl, 4.0 mM KCl, 2.0 mM CaCl 2 was pumped through the probe overnight at 0.5 l/ min. On the next morning, 10 l dialysate samples were collected at 20-min intervals. Samples were immediately assayed for 5-HT and DA by high pressure-liquid chromatography with electrochemical detection (HPLC-EC) as described below. When three stable baseline samples were obtained, drug treatments were administered.
HPLC-EC Analysis of 5-HT and DA in Dialysate Samples
Aliquots of the dialysate (5 l) were injected onto a microbore HPLC column [3 m, C18, 100 ϫ 1 mm (SepStik; Bioanalytical Systems, Inc., West Lafayette, IN)] that was coupled to an amperometric detector (Model LC-4C, Bioanalytical Systems, Inc.). A glassy carbon electrode was set at a potential of ϩ 650 mV relative to Ag/ AgCl reference. Mobile phase consisting of 150 mM monochloroacetic acid, 150 mM NaOH, 2.5 mM sodium octanesulfonic acid, 250 M disodium EDTA, with 1 ml triethylamine, 6% MeOH, 6% CH 3 CN per liter of water (final pH ϭ 5) was pumped (Model 260D, ISCO, Lincoln, NE) at a rate of 60 l/min. Chromatographic data were acquired on-line and exported to a MAXIMA 820 software system (Waters Associates, Milford, MA) for peak amplification, integration, and analysis. Standards of 5-HT and DA were run daily before dialysate samples, and standard curves were linear over a wide range of concentrations (1-1000 pg). A monoamine standard mix containing 5-HT, DA, and their respective acid metabolites was injected before and after the experiment to insure validity of the constituent retention times. Peak heights of unknowns were compared to peak heights of standards and the lower limit of assay sensitivity (3 ϫ baseline noise) was100 fg/5 l sample.
Acute dFEN and mCPP Experiments
The effects of local and systemic administration of dFEN or mCPP were assessed in separate experiments using drug naive animals. Drugs were diluted immediately before use, and doses are expressed as the salt. In all cases, samples were collected at 20 min intervals for 180 min after the initiation of drug treatments. For the local infusion experiments, dFEN or mCPP was dissolved in Ringer's perfusion medium and administered via the dialysis probe on an ascending dose schedule (1, 10, & 100 M) at 60 min intervals. For the systemic experiments, dFEN or mCPP was dissolved in sterile saline and administered via the indwelling catheter (i.v.) on an ascending dose schedule (1, 3, & 10 mol/kg) at 60-min intervals. The air temperature of the testing room was 22.0 Ϯ 0.4 Њ C. (Rothman et al. 1993) . Rats were euthanized with CO 2 and decapitated. Brains were removed on ice and synaptosomes were prepared from whole brain minus cerebellum for [ 3 H]5-HT reuptake, or from caudate for [ 3 H]DA reuptake. Fresh tissue was homogenized in icecold 10% sucrose using a Potter-Elvehjem homogenizer.
Homogenates were centrifuged at 1000g for 10 min at 4 Њ C and supernatants were retained on ice. Polystyrene tubes (12 ϫ 75 mm) were filled with 50 l of Krebsphosphate buffer consisting of 154 mM NaCl, 2.9 mM KCl, 1.1 mM CaCl 2 , 0.8 mM MgCl 2 , 5 mM glucose at pH 7.4, with 1 mg/ml ascorbic acid and 50 M pargyline added (uptake buffer), 750 l of [ 3 H]transmitter diluted in uptake buffer, and 100 l of inhibitor.
The uptake assay was initiated by adding 100 l of the synaptosomal preparation to the tubes. Inhibition curves were generated by incubating [ 3 H]DA, respectively. The incubations were terminated by adding 4 ml of wash buffer containing 10 mM Tris HCl (pH 7.4) in 0.9% NaCl, followed by rapid filtration over Whatman GF/B filters and two additional wash cycles. The tritium retained on the filters was counted in a beta counter at 45% efficiency after an overnight extraction into ICN Cytoscint cocktail (ICN Biomedicals, Inc., Costa Mesa, CA).
5-HT and DA Transporter Binding Assays
The binding of dFEN and mCPP to SERT and DAT was determined in rat caudate using the high affinity cocaine analog [ 125 I]RTI-55 as the radioligand (Boja et al. 1992) . Membranes were prepared from rat caudate as described . Rats were euthanized with CO 2 and decapitated. Caudates were dissected and stored at Ϫ 70 Њ C. On the day of the assay, each rat caudate was placed in 20 ml of ice-cold 55 mM sodium phosphate buffer at pH 7.4 (binding buffer) and homogenized with a polytron (Brinkman Instruments, Westbury, NY) at setting 6 for 20 sec. The homogenate was centrifuged for 10 min at 30,000g and the pellet was resuspended in 20 ml of binding buffer. The homogenate was recentrifuged and the pellet was resuspended in 10 ml of binding buffer.
A 0.5 ml aliquot was saved for protein determination and the remaining homogenate was brought to a final volume of 110 ml (SERT binding) or 220 ml (DAT binding) with ice-cold binding buffer. Polystyrene tubes (12 ϫ 75 mm) were filled with 100 l of competing drug, 100 l of radioligand and 50 l of blocker. Drugs and blockers were dissolved in binding buffer. [
125 I]RTI-55 (100 pM) was made up in a protease inhibitor cocktail that contained 1 mg/ml bovine serum albumin in binding buffer. The protease inhibitor cocktail consisted of chymostatin (25 g/ml), leupetin (25 g/ml), EDTA (100 M), and EGTA (100 M). The assay was initiated by the addition of 750 l membranes to the tubes. The incubation time was 18 h at 4ЊC (equilibrium) in a final volume of 1 ml.
Competition curves were generated by displacing [ 125 I]RTI-55 (10 pM final tube concentration) with 8 to 10 concentrations of dFEN or mCPP (1 nM to 100 M final tube concentration) in the presence of blockers. Binding to SERTs was determined in the presence of 100 nM GBR12935 whereas binding to DATs was determined in the presence of 50 nM paroxetine. Non-specific binding was determined in the presence of 10 M GBR12909. Brandel cell harvesters (Biomedical Research and Development, Gaithersburg, MD) were used to filter the samples over Whatman GF/B filters that were presoaked in wash buffer (ice-cold 10 mM Tris pH 7.4 in 150 mM NaCl) that contained 2% polyethylenimine. Samples were first diluted in 4 ml of wash buffer, filtered and washed with 5 additional 4 ml aliquots of wash buffer. The 125 I retained on filters was counted in a gamma counter (Micromedic, Huntsville, AL) at 80% efficiency.
High-Dose dFEN and mCPP Experiments
Rats were treated with equimolar doses (10 or 30 mol/ kg, i.p.) of dFEN or mCPP at 2 h intervals for a total of four injections. Vehicle-treated rats received saline (1 ml/kg, i.p.) on the same schedule. Injections were performed in the animal housing area with ambient temperature of 22.0 Ϯ 0.4ЊC. Two weeks after the repeated dosing regimen, rats were sacrificed by decapitation. Brains were removed, frozen, sectioned on a cryostat at Ϫ10ЊC, and discrete brain regions were microdissected as previously described (Baumann et al. 1998) . Micropunches of frontal cortex, caudate nucleus, and nucleus accumbens were homogenized in 0.1 N HClO 4 and centrifuged. Supernatants were assayed for monoamines using HPLC-EC while pellets were assayed for protein (Baumann et al. 1998) . Aliquots (20 l) of the clear supernatant were injected directly onto a C-18 column (5 m spheres, 250 ϫ 4.6 mm Phase II ODS, BAS, Inc.) that was coupled to an ESA Coulochem Model 5100A electrochemical detection system (Environmental Sciences Associates, Bedford, MA, U.S.A.). A continuously recirculating mobile phase containing 0.05 M sodium phosphate monobasic (final pH 2.75), 250 mM Na 2 EDTA, 0.025% sodium octane sulfonic acid and 25% methanol was pumped at a flow rate of 0.7 ml/min. A WISP 710B automatic injector module (Waters Associates, Milford, MA) was used to deliver all samples and standards onto the column. Chromatographic data were directly exported to a MAXIMA 820 software system (Waters Associates) for peak amplification, integration and analysis. Unknown peak heights were compared to standard peak heights for 5-HT, DA and their associated metabolites. The lower limit of detection (3 ϫ baseline noise) was 10 pg/ 20 l sample.
Data Analysis
For the microdialysis experiments, the first three samples collected were considered baseline samples and all subsequent monoamine measures were expressed as a percentage of the mean of this baseline. The dialysate 5-HT and DA data were evaluated separately by oneway ANOVA. Individual ANOVA analyses were run at each dose of drug to compare the effects of drugs to preinjection control. The postmortem tissue data were analyzed by one-way ANOVA to compare drug effects to saline-injected controls. When significant F-values were obtained Newman-Keuls' post-hoc tests were performed, and p Ͻ .05 was chosen as the minimum criterion for statistical significance. For the uptake and binding assays, the data from three experiments were pooled and fit to the two-parameter logistic equation for the best-fit estimates of the IC50 and slope factor (n H ) using MLAB-PC (Civilized Software, Bethesda, MD) as described elsewhere . Effect of local infusion of mCPP on extracellular 5-HT and DA in the nucleus accumbens of awake rats. mCPP was infused via reverse dialysis on an ascending dose schedule with 1, 10, and 100 M administered at time zero, 60, and 120 min, respectively. Data are mean Ϯ SEM expressed as percent preinjection baseline for n ϭ 6 rats/ group. Baseline values for 5-HT and DA were 0.46 Ϯ 0.04 nM and 2.11 Ϯ 0.51 nM. *p Ͻ .05, with respect to preinjection control. tency and efficacy in their ability to elevate dialysate 5-HT via the i.v. route. Furthermore, extracellular DA levels were not altered by either drug at any dose tested.
RESULTS
In Vivo Microdialysis Experiments
In Vitro Test Assays
The results from in vitro test assays measuring the activity of dFEN and mCPP at SERT and DAT are summarized in Table 1 
High-Dose Administration Experiment
DISCUSSION
The purpose of the present study was to examine the involvement of 5-HT release in the mechanism of druginduced 5-HT depletion. To achieve this aim, we compared presynaptic effects of the 5-HT releaser dFEN (McTavish and Heel 1992) and the structurally unrelated 5-HT agonist mCPP (Kahn and Wetzler 1991) . Substantial evidence indicates that mCPP, analogous to dFEN, releases neuronal 5-HT by a non-exocytotic carrier-mediated process (Pettibone and Williams 1984; Wolf and Kuhn 1991) . The present in vivo microdialysis data support this notion by showing mCPP and dFEN are nearly equipotent in their ability to elevate extracellular 5-HT in rat nucleus accumbens. Our in vitro results confirm the importance of SERTs in mediating the Figure 5 . Effects of high-dose dFEN or saline on postmortem tissue levels of 5-HT and 5-HIAA in cingulate cortex, nucleus accumbens, and caudate nucleus. dFEN was administered i.p. at 10 or 30 mol/kg, every 2 h, for four doses. Rats were killed two weeks after the dosing regimen. Data are mean Ϯ SEM expressed as ng/mg protein for n ϭ 4-6 rats/group. *p Ͻ .05 compared to saline-treated group. Figure 6 . Effects of high-dose mCPP or saline on postmortem tissue levels of 5-HT and 5-HIAA in cingulate cortex , nucleus accumbens, and caudate nucleus. mCPP was administered i.p. at 10 or 30 mol/kg, every 2 h, for four doses. Rats were killed two weeks after the dosing regimen. Data are mean Ϯ SEM expressed as ng/mg protein for n ϭ 4-6 rats/group. 5-HT-releasing properties of mCPP (Baumann et al. 1993; Eriksson et al. 1999) . Most importantly, administration of high-dose mCPP has no long-term effects on forebrain 5-HT levels whereas equivalent doses of dFEN cause dramatic 5-HT depletions. Thus, mCPP reveals a clear dissociation between acute 5-HT release and long-term 5-HT depletion.
The simplest interpretation of the data is that 5-HT release per se may not be sufficient to produce longterm 5-HT deficits associated with FEN and dFEN. This hypothesis relies on the assumption that mCPP, FEN, and dFEN evoke acute 5-HT release by the same mechanism. Historically, it has been difficult to distinguish between 5-HT releasers (i.e., dFEN) and SSRIs (i.e., fluoxetine) in vivo because both types of drugs increase extracellular 5-HT via transporter-dependent mechanisms (see Fuller et al. 1988) . Gundlah et al. (1997) have recently addressed this problem by establishing criteria that can differentiate 5-HT releasers from SSRIs in vivo. Their criteria dictate that elevations of extracellular 5-HT evoked by releasers must be: 1) large in magnitude with rapid onset and decay; 2) insensitive to sodium channel blockers such as tetrodotoxin; and 3) prevented by pretreatment with SSRIs. As summarized in Table 2 , mCPP displays all of the properties of a substrate-type 5-HT releaser similar to FEN and dFEN.
Our findings with mCPP agree with previous studies showing drug-induced 5-HT release can be dissociated from long-term 5-HT depletion. Nearly a decade ago, Nichols et al. Johnson et al. , 1991 described the synthesis and pharmacological characterization of several 'non-neurotoxic' analogs of p-chloroamphetamine (PCA) and methylenedioxymethamphetamine (MDMA). PCA and MDMA are known to produce long-lasting depletions of forebrain 5-HT in animals, similar to dFEN. The Nichols group identified analogs of PCA and MDMA that are potent and selective 5-HT releasers in vitro but do not cause 5-HT depletion in vivo. More recently, Cozzi et al. (1998) demonstrated that an indan analog of FEN exhibits properties of a 5-HT releaser with reduced neurotoxic potential. One caveat regarding the above-mentioned studies is that few non-neurotoxic amphetamine analogs have been tested using methods like microdialysis or voltammetry to ascertain their 5-HT releasing capability in vivo. Nonetheless, the present results coupled with prior findings suggest that 5-HT release is separable from 5-HT depletion.
On the other hand, our results with mCPP do not fit well with the 'free radical' hypothesis often used to explain the toxic effects of amphetamines (Seiden and Sabol 1996; Cadet and Brannock 1998) . In this scenario, endogenous 5-HT and DA serve as substrates for the formation of toxic metabolites, such as 5,6-DHT and 6-hydroxydopamine, that generate free radicals and cause cellular damage. Commins et al. (1987) showed that high-dose methamphetamine (100 mg/kg, s.c.) causes the formation of 5,6-DHT in rat brain, but this finding has not been replicated (see Yang et al. 1997 ).
More recently, Dryhurst and coworkers (Jiang et al. 1999; Wrona and Dryhurst 1998) (Wolf and Kuhn 1991) and show the selectivity of dFEN and mCPP for SERT sites relative to DAT sites. Interestingly, mCPP is much more potent than dFEN at inhibiting binding to rat SERTs la- (Fuxe et al. 1975; Garattini et al. 1975; Berger et al. 1992) Yes (Pettibone and Williams 1984; Wolf and Kuhn 1991) Large but transient elevations of extracellular 5-HT in vivo Yes (present study; Schwartz et al. 1989; Series et al. 1994) Yes (present study; Baumann et al. 1993; Eriksson et al. 1999 ) Tetrodotoxin-insensitive elevations of extracellular 5-HT in vivo Yes (Carboni and DiChiara 1989) Yes (Eriksson et al. 1999) SSRI-reversible elevations of extracellular 5-HT in vivo Yes (Sabol et al. 1992; Gundlah et al. 1997) Yes (Baumann et al. 1993; Eriksson et al. 1999) FEN, dFEN, and mCPP release endogenous 5-HT from neurons by a similar mechanism involving SERTs. FEN and dFEN cause long-term depletion of tissue 5-HT in the brain whereas mCPP does not.
beled with the cocaine congener [ 125 I]RTI-55. These results confirm previous observations in human brain (Baumann et al. 1995) and suggest that dFEN and mCPP possess subtle differences in their mode of action at SERTs. The significance of this finding, however, is presently unknown.
An important consideration when comparing effects of dFEN and mCPP is the direct 5-HT receptor activity of mCPP. Indeed, mCPP is a well-established 5-HT receptor agonist with appreciable affinity ‫0001-01ف(‬ nM) for multiple receptor subtypes including, 5-HT 1A,1B,1D, 5-HT 2A,2B,2C , and 5-HT 3 sites (Schoeffter et al. 1989; Owens et al. 1997; Porter et al. 1998 ). The affinity of mCPP for [ 125 I]RTI-55-labeled SERT sites reported here and elsewhere (Baumann et al. 1995 ) is comparable to the affinity of the drug for various 5-HT and non-5-HT receptors subtypes (see Owens et al. 1997) . dFEN, in contrast to mCPP, is not usually considered a 5-HT receptor agonist (McTavish and Heel 1992) . Given these findings, it seems feasible that receptor-mediated effects of mCPP might protect against long-term 5-HT depletions produced by the 5-HT-releasing action of the drug. To this end, 5-HT 2 receptor antagonists are known to block the 5-HT neurotoxicity associated with high-dose MDMA (Schmidt et al. 1990 (Schmidt et al. , 1991 . While mCPP is often viewed as a full agonist at 5-HT receptors, the drug is actually a low-efficacy partial agonist at 5-HT 2A and 5-HT 2B receptor sites expressed in vitro (Porter et al. 1998; Rothman et al. 2000) . To our knowledge, no studies have examined the role of 5-HT 2 receptors in mediating dFEN-induced 5-HT depletions, and this topic warrants investigation.
As noted in the Introduction, fluoxetine pretreatment prevents 5-HT depletion associated with highdose FEN administration (Clineschmidt et al. 1978; Steranka and Sanders-Bush 1979) . This neuroprotective effect involves binding of fluoxetine to SERTs and could occur by at least two mechanisms: 1) blockade of FENinduced 5-HT release; and 2) blockade of FEN accumulation into nerve terminals. Based on our findings with mCPP and the literature discussed above, the second possibility seems most plausible. We propose that longterm 5-HT deficits produced by FEN and dFEN are related to SERT-mediated accumulation of drug molecules into 5-HT nerve terminals. Garattini et al. (1989) demonstrated that [ 3 H]dFEN is accumulated into 5-HT nerve terminals by a fluoxetine-reversible mechanism. Moreover, Bengel et al. (1998) recently found that dFEN itself is cytotoxic to human placental cells expressing SERTs. The reason why mCPP does not cause 5-HT depletions is unknown, but may be related to the presence of a piperazine ring in this molecule (see Nichols 1994) .
A final issue complicating the present data is the potential differences in the distribution, kinetics, and metabolism of dFEN and mCPP. For instance, it is well established that systemically administered dFEN is converted to the long-lasting metabolite, d-norfenfluramine (dNORFEN) in vivo (McTavish and Heel 1992) . dNORFEN is a potent 5-HT releaser and a 5-HT neurotoxin analogous to the parent compound . Additionally, emerging evidence shows that dNORFEN displays high-affinity agonist binding at 5-HT 2B and 5-HT 2C receptors while acting as a weak partial agonist at 5-HT 2A receptors (Porter et al. 1998; Rothman et al. 2000) . We are not aware of any long-lasting or toxic metabolites of mCPP, but the limited information available suggests similarities in the biodistribution of mCPP and dFEN. After acute administration to rats, both drugs are rapidly concentrated in the brain with brain-to-plasma ratios exceeding ten (Fuller et al. 1981; Caccia et al. 1992) . High doses of mCPP and dFEN similar to those used in our 5-HT depletion study (i.e., 10-30 mol/kg) yield comparable levels of drug in the brain, with concentrations ranging from 30 to 100 M (Ulrichsen et al. 1992; Clausing et al. 1998) .
In summary, we have shown that mCPP and dFEN cause similar elevations in extracellular 5-HT in intact brain. Our data support the view that both drugs stimulate 5-HT release by a SERT-dependent mechanism, yet high-dose mCPP does not cause long-term depletion of forebrain 5-HT. Thus, mCPP dissociates acute 5-HT release from long-term 5-HT depletion. Collectively, the results suggest that 5-HT release alone may not be sufficient to mediate the long-term 5-HT deficits associated with FEN and dFEN. We propose that deleterious effects of FEN and dFEN are due to accumulation of drug molecules into 5-HT nerve terminals and the subsequent cytotoxic effects of these drugs or their metabolites. SERTs play a major role in this process by allowing drugs to accumulate to high concentrations within cells. The validity of this hypothesis and its relevance to other adverse effects of FEN and dFEN in non-neural tissues (i.e., cardiac valvulopathy and pulmonary hypertension) remains to be determined (Rothman et al. 1999) .
